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Abstract
In this study, we summarize the recent advances on chemical composition and bioactivity of giant hyssop 
(Agastache foeniculum (Pursh) Kuntze) and catnip (Nepeta cataria L.). Extracts from giant hyssop and catnip have 
a significant bioactivity, antibacterial and antioxidant activity (Suschke et al., 2007; Zielińska and Matkowski, 2014; 
Mihaylova et al., 2013). This literature review wants to emphasize the value of these two plants and the opportunity 
of using them to obtain bioactive extracts with applicability in beekeeping for different pest control. Different parts 
of the mentioned plants were used for the determination of active principles from macerates and essential oils. 
Spectrophotometric methods as well as high performance liquid chromatography and gas chromatography are 
generally used for determination of bioactive principles from the classes of polyphenols, flavonoids, carotenoids 
and aromatic acids. Remarkable results have been obtained using the essential oil from Agastache foeniculum as 
an insecticide for the control of pests like the Red flour beetle (Tribolium castaneum Herbst), Lesser grain borer 
(Rhyzopertha dominica F.), Mediterranean flour moth (Ephestia kuehniella) and t h e  Indian meal moth (Plodia 
interpunctella) from the grain and food warehouses (Ebadollahi, 2011). The anti-microbial activity of catnip (Nepeta 
cataria) was proven in over five bacterial strains: Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Escherichia coli and Bacillus subtillis (Bandh et al., 2011).
Considering the results obtained and reported in the literature on the control of various pests and diseases, we 
consider appropriate to extend the research in the field of beekeeping as well, for a natural treatment of different 
bacterial diseases and pests.
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INTRODUCTION
In this study, we summarize the recent 
advances on chemical composition and bioactivity 
of aerial parts (leaves, stems and inflorescences) of 
giant hyssop (or blue giant hyssop, licorice mint) 
(Agastache foeniculum (Pursh) Kuntze) and catnip 
(Nepeta cataria L.). The genus Agastache includes 
22 species of perennial aromatic medicinal herbs 
(Vogelmann, 1983). Although the study of the two 
species (A. foeniculum and N. cataria) has been 
carried out since 1945, for Agastache (Lint and 
Epling, 1945), and since 1941 for Nepeta (McElvain 
et al., 1941; Walker cited by Woods and DuBuy, 
1951), there is still much to be elucidated in the 
chemical composition of plants and their effects. 
Giant hyssop has been commercially cultivated as 
a source of nectar for honeybees (Apis mellifera 
L.) in Washington (Mayer et al., 1982, cited by 
Widrlechner, 1992; Senechal, 1990; Ayers and 
Widrlechner, 1994; Fuentes-Granados et al., 1998), 
because it excels at nectar production (Wilson 
et al., 1992). Extracts from giant hyssop and 
catnip have a significant bioactivity, antibacterial 
and antioxidant activity (Mihaylova et al., 2013; 
Zielińska and Matkowski, 2014). 
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This review covers the literature to summarize 
the main constituents from both aromatic and medicinal plants. N. cataria (Catnip) is the most 
famous Nepeta species, which has a long history of 
use as tea in Europe before real tea was imported 
from the orient (Herron, 2003). The flowering 
tips of the plant have also being used as a sedative 
drug (Newall et al., 1996; Baser et al., 2000). Some 
of the Nepeta species are used by bees as a source 
of  pollen  and nectar  (Sammataro and Avitabile 
1998, cited by Celenk et al., 2008). 
Catnip is a perennial herb with a considerable 
folkloric reputation (Marchei et al., 2010). A 
diethyl ether extract of this plant has been shown 
to have antimicrobial activity against fungi and 
Gram-positive bacteria, have bacteriostatic and 
fungistatic properties (Bourrel et al., 1993; Nostro 
et al., 2001), and also with traditional uses that 
relate to the treatment of inflammation (Prescott 
et al., 2011). Catnip produces predominantly 
nepetalactone, which is also known to comprise aphid sex pheromones and aphid parasitoid 
attractants. The availability of aphid sex 
pheromone components is now facilitating the 
development of new aphid pest control strategies, 
incorporating the use of other semiochemicals, 
particularly in the manipulation of populations 
of aphid parasitoids and aphid predators (Birkett 
and Pickett, 2003; Birkett et al., 2010). Ameixa 
and Kindlmann (2012) have found a positive 
response regarding the aphid parasitoid Aphidius 
colemani, conducting research with a mixture of odors 
of synthetic and plant-extracted nepetalactone (a 
component of aphid sex pheromone) and (E)-β-
farnesene (aphid alarm pheromone).
This literature review wants to emphasize 
the value of these two plants and the opportunity 
of using them to obtain bioactive extracts with 
applicability in beekeeping, for different pest control.
MATERIALS AND METHODS
Different parts of the mentioned plants were 
used for the determination of active principles 
from macerates and essential oils (Nykänen et 
al., 1989). Spectrophotometric methods as well 
as high performance liquid chromatography and 
gas chromatography is generally used for the 
determination of bioactive principles from the 
classes of polyphenols, flavonoids, carotenoids 
and aromatic acids (Vogelmann, 1984; Tisserand 
and Young, 2014).
Essential oil from aerial parts of giant 
hyssop was isolated by the hydrodistillation 
with Clevenger apparatus, and its chemical 
composition was studied by gas chromatography 
mass spectrometry (Shakhnoza and Glushenkova, 
2012; Srifi et al., 2012; Zielińska and Matkowski, 
2014). The chemical composition of catnip 
essential oils can be determined by GC–MS on 
an apolar stationary phase by comparison of the 
characteristic fragmentation patterns with those 
of the Wiley 275L database. Essential oils were 
then fractionated by column chromatography 
packed with silica gel (Heuskin et al., 2009; 
Ganzera et al., 2001).
To determine the potential crop protection 
value of Nepeta cataria essential oils, the repellent 
activity of the oils was assessed using a four-way 
olfactometer assay, with both oils showing strong 
repellent effects (Peterson and Coats, 2001; Schultz 
et al., 2004; Webb and Russell, 2007; Birkett et al., 
2010). Nepetalactones were analyzed by reversed-
phase HPLC coupled with UV and MS detection. 
The linearity range for Z, E-nepetalactone was 
determined as 0.00655-0.655 mg/mL with 
a correlation coefficient of 0.9999, and the 
linearity range of E, Z-nepetalactone was found 
to be 0.00228–0.456 mg/mL with a correlation 
coefficient of 0.9999, under UV detection at 228 nm. 
The linearity ranges were from 0.00164 to 0.0328 
mg/mL, with a correlation coefficient of 0.9999, 
for Z, E-nepetalactone and 0.00114–0.0228 mg/
mL, with a correlation coefficient of 0.9999, for E, 
Z-nepetalactone by MS detection with selected ion 
monitoring of ion peak m/z 167. The MS detection 
was found to be more sensitive than UV detection 
and this method was validated as simple, reliable 
and sensitive for catnip nepetalactone analysis 
(Wang et al., 2007).
Nostro et al. (2000) used two methods of 
extraction from N. cataria. In method A, a known 
amount of 50 g powdered drug (which was 
sequentially extracted at room temperature with 
petroleum ether (30ºC, 50ºC), dichloromethane, 
dichloromethane: methanol (9:1) and methanol 
(Arebalo and Mitchell, 1984; Chalchat and Lamy, 
1997). The four extracts were concentrated to 
dryness using a rotary evaporator at 40ºC. In 
method B, a known amount of 50 g powdered 
drug was extracted as reported by Al-Sarraj et 
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al. (1985), cited by Nostro et al., 2000. The drug 
was suspended in enough distilled water to 
form a homogeneous suspension. The mixture 
was adjusted to pH 2.0 with HCl (1 
N
) and then 
incubated at 37ºC for 30 min in a shaking water-
bath. The mixture was then neutralized with NaOH 
(1 
N
) to pH 7.0, filtered, extracted with diethyl 
ether and concentrated to dryness. The remaining 
aqueous extract was lyophilized. All solvents were 
purchased from Merck (Milan, Italy). The method 
B proved to be more efficient in extracting the 
active compounds and this could be ascribed to the 
acidified aqueous environment, which promotes 
an easy extraction.
RESULTS AND DISSCUSION
To Agastache, in addition to the main 
components (phenylpropanoids, terpenoids 
and essential oils) there are many other such 
biocompounds: phenolic compounds (non-volatile 
metabolites), such as caffeic acid derivatives 
(especially rosmarinic acid) flavones and flavone 
glycosides (like acacetin, tilianin, agastachoside, 
and a rare dimeric malonyl flavone -agastachin) 
(Zielińska and Matkowski, 2014). Well, from 
aerial parts of agastache two unique lignans 
-agastenol and agastinol were isolated. Among 
terpenoids is noted: triterpenoids of oleanane-
type -maslinic acid, oleanolic acid and β-amyrin-, 
ursane-type - ursolic acid, corosolic acid and 
α-amyrin-, and typical plant sterols (abietane-type 
oxidized diterpenes - e.g., agastaquinone, agastol, 
and others (Zielińska and Matkowski, 2014).
In the essential oil from Agastache foeniculum 
were identified over 50 compounds, which were 
isolated. Only ten constituents, however, accounted 
for more than 0.1%. In this essential oil prevailing, 
were the methyl chavicol (87.5%)(Omidbaigi and 
Sefidkon, 2003) to (91-95%) (Mazza and Kiehn, 
1992) and limonene (2.4%) (Omidbaigi and 
Sefidkon, 2003) to (3.6-3.9%) (Mallavarapu et 
al., 2004), 1,8-cineole (2.0%) and globulol (1.4%)
(Omidbaigi and Sefidkon, 2003) as the major 
constituents. Other components of the essential oil 
are: monoterpenes, sesquiterpenes, oxygenated 
monoterpenes, oxygenated sesquiterpenes, 
camphene, myrcene and phenolics among others 
(Wilson et al., 1992; Yashika et al., 2013).
Remarkable results have been obtained in use 
of the essential oil from Agastache foeniculum as an 
insecticide for the control of pests like the Red flour 
beetle (Tribolium castaneum Herbst), Lesser grain 
borer (Rhyzopertha dominica F.), Mediterranean 
flour moth (Ephestia kuehniella) and the Indian meal moth (Plodia interpunctella) from the grain 
and food warehouses (Ebadollahi, 2011). A. 
foeniculum oil revealed a strong toxicity (strong 
larvicidal potential) against the T. castaneum 
larvae, but also decreased the activity of esterase 
and GST besides reducing total carbohydrate, 
lipid and protein contents. Results showed that 
the mortality of larvae was dose-dependent and 
increasing concentrations of the essential oil 
exacerbate mortality. Probit analysis showed 
that LC50 and LC90 values were calculated as 
8.022% and 80.152%, respectively (Ebadollahi et 
al., 2013). Lopez et al. (cited by Ebadollahi et al., 
2013) reported estragole as an example of toxic 
compounds that are active against insect pests. 
The toxicity of A. foeniculum essential oil against 
red flour beetle, Tribolium castaneum (Herbst) 
and lesser grain borer Rhyzopertha dominica (F.) 
was evaluated by fumigation (Ebadollahi, 2011; 
Zielińska and Matkowski, 2014).
In a study by Nafziger and Fadamiro (2011) with 
giant hyssop as nectar sources for the parasitoid 
wasp, Microplitis croceipes (Hymenoptera: 
Braconidae), found significantly increased 
female longevity and numerically increased male 
longevity with honey from this plant. However, 
giant hyssops are not good nectar sources for the 
wasp (Nafziger and Fadamiro, 2011). 
Some of the effects of induced plant protection Herba Agastache and inflorescences 
are: antimicrobial, antiviral, antimutagenic, 
antiproliferative, antiatherogenic, cytotoxic to 
cancer cell, anti-nociceptive, anti-inflammatory, 
antioxidant, relaxant activity on the contractions 
and others (Yashika et al., 2012; Zielińska and 
Matkowski, 2014; Sánchez-Recillas et al., 2014).
The presence of Nasonov pheromone 
components in the floral aroma of particular 
populations of Agastache could bias bee preference 
and might be useful as a tool for researchers to 
select attractive types (Wilson et al., 1992). One 
component of the headspace of A. foeniculum, 
bornyl acetate, has being hown to stimulate the 
antennae of honeybees (Thiery et al., 1990, cited 
by Wilson, 1992), but this olfactory stimulation 
has not been correlated with attractiveness. 
Among the 27 compounds identified of Nepeta 
cataria essential oil, four major components 
DUDA et al
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were noted: 1,8-cineole (21.00%), α-humulene 
(14.44%), α-pinene (10.43%) and geranyl acetate 
(8.21%)(Peterson et al., 2002; Morteza-Semnani 
and Saeedi, 2004; Gilani et al., 2009; Javidnia et al., 
2002).
The antimicrobial activity of aerial parts 
of Nepeta cataria was assayed against five 
bacterial strains Staphylococcus aureus, Klebsiella 
pneumoniae, Pseudomonas aeruginosa, Escherichia 
coli and Bacillus subtilis. Two fungal strains, 
Aspergillus flavus and Candida albicans were also 
used to evaluate anti-fungal activity (Adiguzel et 
al., 2009; Bandh et al., 2011). Also, Nestorović et al. 
(2010) observed and evaluated the antimicrobial 
activity of methanol extracts from Nepeta, assayed 
against eight bacterial and eight fungal species. All 
the tested extracts showed significant antibacterial 
and strong antifungal activity.
The research done by Zenasni et al. (2008) 
shows that Escherichia coli and Staphylococcus 
aureus are more sensitive than Pseudomonas 
aeruginosa to essential oil from the Nepeta genus 
(p<0.001). The research made  by Zhu et al. (2014), 
found more than 98% inhibition of stable fly larval 
Stomoxys calcitrans (Diptera: Muscidae) growth 
and female oviposition was observed in larval 
and oviposition media treated with encapsulated 
catnip oil (0.5μg). Further, dose-response tests 
showed that as little as 0.1 μg of encapsulated 
catnip oil provided more than 85% oviposition 
deterrence. Encapsulated catnip oil also exhibited 
antibacterial activity, supporting the hypothesis 
that its inhibition of larval growth may be based 
on its killing of the bacteria on which larvae feed. 
The use of encapsulated catnip oil can provide 
an alternative control strategy for stable fly 
management (Zenasni et al., 2008; Bandh et al., 
2011; Zhu et al., 2014).
Pavela (2005) tested Nepeta cataria 
essential oils for insecticidal activity against larvae Spodoptera littoralis, which were highly toxic, 
with LC
50
 ≤ 10.0 ml/m3. 
By commercial cultivation of the catmint 
Nepeta cataria (Lamiaceae), the lactone (II) can 
be isolated by industrial scale steam distillation 
and converted to the lactol (I) by inexpensive 
chemical means (Birkett & Pickett, 2003). Birkett 
et al. (2011) obtained results which suggest 
that although the nepetalactone isomers have 
the potential to be used in human and livestock 
protection against major pathogen vectors, intact, 
i.e. un-fractionated, Nepeta sp. oils offer potentially 
greater protection, due to the presence of both nepetalactone isomers and other components 
such as (E)-(1R,9S)-caryophyllene.
Extracts of catnip were found to inhibit 
calcineurin; an important regulator of T-cell 
mediated inflammation that has received little 
attention in ethnopharmacological research. 
Calcineurin inhibition should be considered as 
a potential mode of action when investigating 
the immunomodulatory activity of caffeoyl 
phenylethanoid glycoside contained in catnip 
(Prescott et al., 2011). It has also been found that 
iridodial is a key intermediate in the biosynthesis 
of nepetalactone (Bellesia et al., 1984). Nepeta 
cataria, is also known to repel other ectoparasites 
affecting human and animal health (Kim et 
al., 2003; Khan et al., 2012). Zhu et al. (2009) 
successfully conducted catnip repellency tests 
on two fly species (stable flies and houseflies), 
including toxicity studies in humans to N. cataria 
products applied by oral, dermal and inhalation 
tests evaluating the eye and skin sensitivity. Bernardi et al. (2011) found through his research 
with catnip in rats improved male rat sexual 
Fig. 1. Plant-defence compounds ‘attracting’ parasi-
toids and ‘repelling’ aphids could be activated by natu-
rally occurring small lipophilic molecules (SLM) iden-
tified from (A) pest-damaged or (B) nonhost plants 
(Pickett et al., 2012).
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activity. The repellent mechanism could be 
activated by naturally occurring small lipophilic 
molecules (SLMs) identified from pest-damaged 
or non-host plants, as shown in Figure 1 (A and B, 
respectively) (Pickett et al., 2012).
Birkett et al. (2010)’s findings illustrate that 
Nepeta cataria possess a diverse range of high 
value secondary metabolites, and also highlight 
their potential to be developed as renewable 
feed stocks for the production of repellents for 
the use of economically important crop pests, as 
well as for the production of sex pheromones and 
natural enemy attractants. Further studies are 
underway to investigate their potential for use 
as part of a novel strategy for dust mite control, 
based on deployment of repellent and attractant 
semiochemicals in a push–pull strategy (Cook et 
al., 2007, cited by Khan et al., 2012), which could incorporate attractive pull components such as 
the recently identified aggregation pheromone 
(Skelton et al., 2010, cited by Khan et al., 2012). 
Polsomboon et al. (2008) made experiments, 
which showed that catnip oil has strong irritant 
and repellent actions on mosquito test populations 
as indicated by the comparatively low escape time. 
Catnip oil and its major constituent compounds, 
nepetalactone, act not only as effective feeding 
and oviposition repellents, but also have a strong 
spatial repellency. The in vitro blood-feeding 
assay has proven to be a useful screening tool 
for discovering novel repellents for stable flies. 
Field trials conducted on cattle of two catnip oil 
formulations found these gave 5–6 h of protection 
against stable flies. Formulating catnip oil to meet 
USDA organic standards may also have promise 
as a method for stable fly control in organic dairy 
farms (Bissinger et al., 2010; Zhu et al., 2012).
CONCLUSION
Biotechnological and molecular studies have 
focused on in vitro propagation and enhancing 
the biosynthesis of bioactive metabolites in cell 
or organ cultures, as well as on the expression of 
genes involved in phenolic biosynthesis (Zielińska and Matkowski, 2014).
Nepeta cataria possesses spasmolytic and 
myorelaxant activities mediated possibly through 
dual inhibition of calcium channels and PDE, which 
may explain its traditional use in colic, diarrhea, 
cough and asthma (Gilani et al., 2009). 
The use of essential oils in the control of 
veterinary ectoparasites is an exciting area, 
which holds huge potential for the future. 
However, extensive field trials, standardization 
of components, standardization of extraction 
techniques, standardization of experimental 
design, mammalian toxicology profiling and 
excipient development, as well as further 
investigation into the residual activities and 
length of shelf life of these oils are all required 
before their potential can be fully explored (Ellse 
and Wall, 2014).  
The results regarding the identified and 
isolated active principles from catnip and 
their antimicrobial effects encourage further 
research for their usage in the cosmetic and 
food industry, as viable and safe alternatives to 
synthetic antimicrobial products. Considering the 
results obtained and reported in the literature 
in the control of various pests and diseases, we consider appropriate to extend the research also 
in the field of beekeeping, for natural treatment of 
different bacterial diseases and pests. We consider 
appropriate, to extend further the research on the 
utility of the two plants on the health of bees and 
their honey production.
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